A side from conventional welding methods, laser welding of plastics has established itself as a proven bonding method, with many applications in the automotive, electronic, medical, human care, food packaging and consumer electronics markets. It is particularly within this context that the fast power controllability of direct diode lasers combined with non-contact temperature measurement makes them an ideal tool. These advantages come in to full effect for when they are used for welding delicate and sensitive plastic components or for soldering small parts in temperature sensitive environments.
Selective Soldering
In selective soldering of electronic components is a joining method using a filler material (solder) to fills the joint gap and the surfaces to be connected. Soldering is mainly used in the production of electronic assemblies and for connecting electronic components to circuit boards or conducting paths.
For some electronic applications mass soldering processes, where electronic components and the PCB including the solder are heated up simultaneously in an oven, is appropriate. For sensitive components or soldering in heat sensitive surroundings (like plastic housings) a selective soldering method is needed. Conventional selective soldering requires mechanical contact with a hot surface, but in situations where limited space restricts such contact or where heat flow into the joint is to be controlled, laser soldering offers clear advantages. In particular, the applied energy input is highly localized and well defined. For example, small components can be reliably soldered, so too when soldering close to elements that must not be heated or when the parts to be soldered are temperature sensitive. See examples in figure 1.
Fibre-coupled direct diodes are often used for selective laser soldering processes. At the output of the fibre cable, the laser beam passes through a fixed focusing optic or a scanner mirror. A typical focused output from such a source is 180µm. The solder material that is needed for the process can be provided by wire feeding systems or can be applied in advance by solder paste or pre-tinning Pyrometer process control The soldering process is divided mainly into three phases: heating, yielding and wetting. The first phase takes the parts to be soldered up to process temperature determined by the solder material. In the second phase the solder material flows to the parts to be wetted and the duration of this phase needs to be adjusted accordingly to the size of the parts and the size and condition of the soldering joint; and the soldering temperature must be held constant. Within the final phase the molten solder material wets the metal surface of the parts to be soldered; requiring, the surfaces to be free of contamination and oxide layers.
Optimisation of the temperature vs. time characteristic is therefore important for the best results during selective soldering. For example, figure 2 shows the temporal temperature profile achieved with a non-contact temperature measurement in combination with the diode laser system in which a pyrometer viewing path is made co-axial with the focused laser beam. The closed loop between solder-joint temperature and power output of the diode laser system provides precise process control. Note that the pyrometer measurement can also be used for automatic validation of good joints and rejection of bad joints.
Plastic welding
With few exceptions, the laser welding of plastics is a transmission process in which the components to be welded are overlapped. As shown in figure 3 the upper joining transmits the laser radiation which is absorbed by the lower part to be joined, which is melted. Heat transfer also melts the upper layer and a weld between the two parts is produced. The transmission properties at the laser wavelength of the components to be welded are therefore important in this method. Typically, diode lasers used for the welding of plastics emits at a near-infrared wavelength between 800 and 1000 nm. Most non-coloured thermoplastics have good transmission in this wavelength range.
An absorbing material such as carbon black can be added to the interspace and/or special additives can be incorporated into the plastics as well. Colour combinations are possible that are transparent to light but absorb at the wavelength of the laser or that strongly absorb but transmit at the laser wavelength.
Process advantages through laser use
Laser welding already competes strongly with conventional joining methods, yet offers process advantages that will become increasingly relevant in the future. In particular, the ability to control the energy input into the joining zone has been found to be a significant advantage for many assemblies.
Quality and process control As with other joining methods, the issue of quality control also arises in laser welding. How can one confirm quality during the welding process and/ or separate good parts from bad parts? How can the number of rejected parts be reduced by appropriate process control? One opportunity for quality assessment, which is also used in ultrasonic welding, is to measure the variation of a parameter along a set welding path. Such a path can be realized by using a galvo scanner that drives the laser beam around a fixed closed path quickly using two internal mirrors, such as is shown in figure 4 .
The laser beam is rapidly deflected over a programmable welding contour and the contour is melted almost simultaneously. By pressing the upper part with a mechanical clamping device into the molten material, a defined collapse can be measured. If the joining partners are compatible and weldable, one can equate the collapse with a good quality weld. If the predetermined time-distance curve has not been met, the welding seam quality may not be sufficient and the part can be rejected.
An alternative way to assess the weld quality is by using a remote pyrometer measurement of the molten material during the welding process. Processing heads with an integrated pyrometer in combination with the diode laser allows a rapid control of the welding temperature and the detection of welding defects. The advantage of a temperature control during the welding process (socalled closed-loop process) is becoming clear when the components to be welded show a certain inhomogeneity with respect to their optical properties. Such inhomogeneities can occur when the components are reinforced with glass fibres. For example, with automatic laser power control maintaining the required temperature these inhomogeneities can be compensated for. Moreover, whilst a defective weld area cannot be compensated for by the pyrometer control, a sudden increase in the temperature signal (caused by, for example, a contaminated surface that absorbs more laser radiation or a poor or non-existing mechanical contact between the two welding partners) may indicate this. Likewise, the pyrometer will detect if the required welding temperature is not achieved, e.g. by lack of laser power. If the upper and lower temperature limits, defined within software, are exceeded, the affected components can be rejected. An individual process number for each single weld allows mapping and corresponding traceability.
Summary
Selective soldering Selective soldering with laser radiation is well established in practice and is applied in many industrial applications. Good controllability of the output power makes the diode laser the perfect tool for this application. In combination with a pyrometer, temperature controlled soldering leads to high process stability and a constant high quality. Hence, soldering inside temperature sensitive housings (e.g. plastic enclosures) and reliable soldering of temperature-sensitive devices such as LED components, is possible.
Plastic welding Laser welding of plastics is an established process that is increasingly used in different markets and is displacing the traditional welding methods. In medical device manufacturing, for instance, cleanliness is absolutely mandatory. Hence, laser welding is particularly well established in this market. In the automotive supply industry the parts are equipped with sensitive electronic components or guide and contain fluid -here laser beam welding is the method of choice. In combination with process control, the diode laser will make its way to a variety of future applications. 
See Observations p xx
Stefen Reinl has a wide background in laser materials processing and a Master's degree in mechanical engineering. He joined DILAS in 1997 and is responsible for sales for DILAS Industrial Laser Systems.
This edited paper is taken from the Proceedings of the Lasers in Manufacturing Conference 2013 that appears in full in Physics Procedia and is published courtesy of Elsevier Ltd
